Background In the USA, a quarter of elderly patients do not receive any treatment for regional gastric cancer, which results in poorer outcomes. We sought to identify factors associated with undertreatment of regional gastric cancer in this population, as well as to assess overall survival in the undertreated population. Methods Elderly patients (aged ≥ 65 years) diagnosed with regional gastric cancer between 2001 and 2009 were identified from the Surveillance Epidemiology and End Results (SEER)-Medicare linked databases. Treatment was defined as receiving any medical or surgical therapy for gastric cancer. Logistic regression analysis was used to identify factors associated with failure to receive treatment. Overall survival was analyzed using the Kaplan-Meier method and Cox proportional hazard model. Results Of 5972 patients with regional gastric cancer, 1586 (26.5%) received no treatment. Median age was 78 years; 56.1% of patients were men. On multivariable analysis, the factors strongly associated with lack of therapy were age ≥ 80 years, black race, lower education level, and diagnosis before 2007. As expected, patients who received therapy had better overall survival (logrank test, p < 0.001). Specifically, median survival and 5-year survival were 16.5 months and 20.5% for treated patients, compared with 9.1 months and 19.0% for untreated patients. Conclusions Elderly patients with gastric cancer have better overall 5-year survival after receiving treatment for their cancer. Disparities in the use of treatment for curable cancers are associated with older age, black race, lower educational level, and diagnosis before 2007.
Introduction
Although the incidence and mortality of gastric cancer have been declining over time, 1 it remains the fifth most common and third most deadly cancer worldwide, 2 with an estimated 26,370 new cases and 10,730 deaths in the USA in 2016 alone. 3 Despite the increased use of multimodality therapy, targeted treatments, and immunotherapy, 5-year overall survival for patients with gastric cancer remains 20-30%, largely due to locoregional recurrence. 3, 4 Over 50% of patients with gastric cancer are found to have advanced disease at diagnosis, presumably due to lack of screening and late onset of symptoms. 5, 6 Treatment for gastric cancer is based on stage. Surgery is the primary treatment for early stage gastric cancer; however, only 27% of patients are diagnosed at stage I. 3 For patients with locally advanced disease, multimodality therapy is indicated. Multiple randomized controlled trials have established a survival benefit for multimodal treatment in advanced gastric cancer. [7] [8] [9] In 2006, the landmark MAGIC trial was published, which demonstrated a survival benefit with the use of perioperative chemotherapy in stage II or higher gastric cancer. 9 Due to the MAGIC trial results, perioperative chemotherapy along with surgery has become the standard of care for treatment of locally advanced gastric cancer.
In the USA, the 5-year survival rate for locally advanced gastric cancer is about 20 to 30%. 9 Elderly patients with gastric cancer who undergo treatment have similar rates of 5-year survival to their younger counterparts. 10 Although surgery, with or without adjuvant treatment depending on clinical stage, has been shown to be both feasible and effective for elderly patients with gastric cancer, 7, [10] [11] [12] many such patients do not receive adequate treatment. 10 In a prospective randomized trial from 2002, surgical undertreatment was shown to be associated with worse survival among patients with gastric cancer. 13 While it has been speculated that advanced age results in poorer postoperative outcomes, multiple studies have actually shown that older patients have comparable outcomes with their younger counterparts when undergoing major abdominal surgery for cancer. [14] [15] [16] It has been demonstrated that elderly patients diagnosed with regional gastric cancer are often undertreated. In this retrospective study, we sought to identify factors associated with undertreatment of regional gastric cancer in elderly patients (≥ 65 years old) and to assess overall survival in this population. We hypothesize that the undertreatment of regional gastric cancer in the elderly population is associated with modifiable factors. By identifying any such variables, we hope to encourage further studies and interventions to correct these disparities, ensuring that all patients with gastric cancer receive adequate treatment.
Patients and Methods

Data
This retrospective study was performed using the Surveillance Epidemiology and End Results (SEER)-Medicare linked database, which combines clinical information from SEER registries with Medicare claims. Our study included claims from January 1, 2001 to December 31, 2010, from 18 regional cancer registries, covering approximately 30% of the US population.
3 Our study population consisted of patients diagnosed with regional gastric cancer from 2001 to 2009 and was limited to patients with histologically confirmed cancer who were continuously enrolled in Medicare parts A and B in the year prior to diagnosis; diagnoses from death certificate or via autopsy reports were not included in our study. Esophagogastric tumors were excluded from our study population. It should be noted that while only patients diagnosed with regional gastric cancer from 2001 to 2009 were included, the end date of the study was December 31, 2010 to ensure that all patients had at minimum 1 year of follow-up. This study was approved by the Institutional Review Board at the Johns Hopkins University School of Medicine.
Variables
Treatment was defined as receiving any recommended therapy for gastric cancer chemotherapy, radiation, surgery (gastrectomy, esophagectomy, or excision/destruction), or a combination of one or more of these interventions. We considered and evaluated 18 possible treatment paths. 17 
Statistical Analysis
Baseline demographic and clinical characteristics were compared using Pearson's χ 2 test for categorical variables and Student's t test for continuous variables. Factors associated with lack of treatment were identified using multivariable logistic regression analysis, adjusting for year of diagnosis, SEER region, age, sex, race, income, education, Charlson comorbidity index, histologic subtype, tumor location, and grade. Multicollinearity and interactions were examined, and none were detected. Overall survival was defined as time (in months) from diagnosis to death or last follow-up date, which was December 31, 2010. Survival analysis was performed using the Kaplan-Meier method, comparing survival curves with the log-rank test. Multivariable analysis was performed to examine the association between treatment and overall survival with adjustment for other covariates using the Cox proportional hazard model. Statistical significance was defined at p < 0.05. All analyses were conducted using Stata/MP version 12 (StataCorp LP, College Station, TX).
Results
A total of 5972 patients diagnosed with regional gastric cancer were identified. Of those, 25.6% did not receive any treatment. The top treatment choices for those who received treatment were surgery alone (58.2%), surgery + adjuvant therapy (29.3%), chemotherapy alone (6.0%), definitive chemoradiation (2.9%), induction therapy + surgery ± adjuvant therapy (1.9%), and radiation alone (1.8%) (Fig. 1) . Baseline demographic and clinical characteristics were significantly different for patients who received treatment versus those with no treatment (Table 1) . Patients receiving no treatment were older, male, black race, from the West region of the US, with SCC or other histology, unspecified tumor location, and unknown differentiation. Asian patients were more likely to receive treatment.
In a multivariable logistic analysis, several factors were found to be significantly associated with lack of treatment when other factors were adjusted for ( .03, p < 0.001) were most likely to receive no treatment. Consistent with the unadjusted results, the Asian population was more likely to receive treatment (OR, 0.64; 95% CI, 0.51-0.80; p < 0.001). Lower educational status was associated with lack of treatment, whereas income was not. Of interest, distance to the nearest National Cancer Institute-designated center was not associated with lack of treatment. The remaining factors are shown in Table 2 . (Fig. 2) . Furthermore, lack of treatment was significantly associated with worse survival on both unadjusted (HR, 1.27; 95% CI, 1.19-1.37; p < 0.001) and adjusted (HR, 1.43; 95% CI, 1.32-1.55; p < 0.001) Cox proportional hazard regression analyses (Table 3) .
Discussion
More than 25% of elderly patients (aged ≥ 65 years) with gastric cancer in our study population received no treatment at all. Patients who received treatment had longer overall survival and better 5-year survival, even though noncurative treatment was accounted for in this study. Among those who received treatment, surgery alone was by far the most common choice. However, while the median survival between those who received treatment and those who did not was significant, there was a much less dramatic difference when comparing 5-year survival. The benefit to therapy appears to be beneficial for early survival but less so for longterm survival. It should be noted that the 5-year survival rates are not disease specific, so the competing risk of death in this population may be a plausible explanation for this finding.
Not surprisingly, one of the factors associated with lack of treatment in our study was age greater than 80 years. These patients were almost twice as likely to not receive treatment. Older patients are often perceived to be poorer candidates for resection, as they generally have less functional reserves and more comorbidities. 19 However, the effect of age on perioperative and postoperative morbidity, mortality, and complications for surgery for gastric cancer remains far from settled. [20] [21] [22] [23] Charalampakis found no differences in 90-day postoperative mortality and morbidity, major complications, overall survival, and progression-free survival between younger (< 65 years) and older (≥ 65 years) patients who had received preoperative treatment for gastroesophageal adenocarcinoma; not surprisingly, comorbidities rather than age were associated with postoperative outcomes. 24 Sakurai showed that while the elderly had more comorbidities, they had the same postoperative complication rate as their younger counterparts, and that gastrectomy is a safe procedure for elderly patients. 25 These comparable outcomes between elderly and younger patients have also been seen in studies looking at outcomes of elderly patients who undergo major abdominal surgery, such as esophagectomy and pancreatectomy. [14] [15] [16] Multiple studies have shown that elderly patients have lower rates of adjuvant chemotherapy during their treatment of gastric cancer. 25 Nevertheless, chemotherapy has been found to be safe for elderly individuals, although they tended to require more dose changes during treatment due to higher toxicities. 26, 27 A recent study of patients undergoing neoadjuvant chemotherapy for localized esophagogastric adenocarcinoma showed that while patients older than 70 years had a slightly higher rate of toxicity and more adverse events, there were no differences in morbidity or mortality. 12 Neoadjuvant treatment was therefore deemed feasible in older patients, with no noted differences in efficacy between older and younger patients. Nevertheless, this population continues to remain undertreated with both neoadjuvant and adjuvant modalities.
Race was also associated with lack of treatment for gastric cancer. In our study, elderly black patients were 1.5 times more likely to not receive treatment, while Asian patients were significantly more likely to undergo treatment when compared with their Caucasian counterparts. Multiple studies have shown that black patients with gastric cancer were less likely to receive multimodality therapy. 28, 29 Unfortunately, this is a trend that extends beyond gastric cancer; these disparities seen in patients with other cancers, end organ failure, and even benign conditions. [30] [31] [32] [33] [34] It has been speculated that this health disparity is due to socioeconomic differences. The rate of poverty among black people in the USA is nearly twice the national average. 35 As a result, some black patients may not have equal access to surgical advances and treatment methods and are often treated by lower volume hospitals and physicians with less experience in management and treatment of gastric cancer. 32 In contrast, Asian patients in our elderly cohort were more likely to undergo treatment for gastric cancer. This was also seen in the study by Chen, where they demonstrated increased use of adjuvant therapies in Asian patients with gastric cancer. 36 The known increased incidence of gastric cancer in Asian population has resulted in vigilant screening in Asian countries such as Korea and Japan. 37 While we do not routinely screen for gastric cancer in the USA, it may be that the increased incidence has led to increased awareness in Asian populations, resulting in earlier diagnosis. Furthermore, as Asian patients are often diagnosed at younger ages with more favorable disease, [36] [37] [38] [39] they may be perceived as better candidates for treatment, thus leading to increased treatment compared with other races. Many studies have also shown that the Asian population has improved survival for gastric cancer independent of prognostic factors such as tumor grade and disease spread. 40 Our analysis demonstrated that individuals who had lower education levels were about 1.4 times more likely to be undertreated. This trend was also seen in the study by Stessin, who reported lower rates of radiation and other multimodal treatments after resection for gastric cancer in those without high school education. 29 The influence of education level is likely related to health literacy and understanding of medical conditions, thus impacting decision-making on treatment options. This may also explain the locoregional differences that we demonstrated, as the West and South regions of the US have the lowest levels of education. 41 Interestingly, we did not see an association between income and undertreatment. While income and education are often closely aligned, multiple studies have shown that education may have a larger impact on health outcomes and disparities than income. [42] [43] [44] The proportion of patients receiving no treatment decreased over the course of the study, from 32.3% for 2001-2003, to 26.9% for 2004-2006, to 19.3% for 2007-2009 . This likely reflects an increasing awareness of the poorer outcomes associated with undertreatment as well as the growing consensus that age should not be considered a contraindication for treatment for gastric cancer. Our overall survival at 5 years is 20%, consistent with rates reported elsewhere. In a recent study of patients with gastric cancer aged > 80 years, patients who underwent resection had longer survival than those treated conservatively for all stages except stage IV. 43, 44 Moreover, the MAGIC trial was published in 2006, effectively making perioperative chemotherapy with surgical resection the standard of care for locally advanced gastric cancer. As Trip showed, there is often an increase in multimodal treatment that is related to the publication of landmark papers. 45 Therefore, the publication of the MAGIC trial likely contributed towards the increase of treatment seen after 2006.
Of note, we found that patients with higher comorbidity burdens were more likely to receive treatment. This is counter to what is widely published in the literature. Multiple studies have shown that increased comorbidities negatively impact 46, 47 The influence of comorbidity on cancer outcomes is multifactorial, affecting both receipt of and effectiveness of treatment. 48 It is unclear why in our particular study, patients with more comorbidities were actually more likely to receive treatment. Unfortunately, due to limitations with our dataset, we were unable to assess the relationship between comorbidity burden and other factors. However, this is a finding that warrants further investigation.
We identified many factors that are associated with undertreatment of regional gastric cancer in the elderly population. Many of these are modifiable. By identifying these factors, further studies and interventions are indicated to investigate ways to improve these health disparities and ensure that all patients with gastric cancer receive appropriate treatment.
Our study has several limitations. Medicare is an administrative billing data set. As a claims-based database, it was constructed primarily for reimbursement rather than research; it is therefore susceptible to errors attributable to missing or inaccurately entered codes. Moreover, the SEER database does not allow us to evaluate the reasons why patients are undertreated, especially relating to differential patient preferences to either pursue or forgo treatment. Therefore, we cannot distinguish between patients who chose to forgo treatment versus those who were truly undertreated in our cohort. An additional limitation of the database was the inability to identify only patients receiving treatments with curative intent, limiting our ability to perform additional sensitivity analyses on the treatment group. Furthermore, our study cohort was restricted to patients ≥ 65 years of age, which could potentially limit the external validity of our results across the entire age range of patients with gastric cancer. However, as gastric cancer is predominantly found among older patients, the SEERMedicare linked database is an ideal source of data because it captures a representative sample of the majority of affected patients in the USA. In addition, these data have been used extensively to study many other cancers, with results generalizable to younger patients.
Conclusions
Elderly patients with gastric cancer have better overall 5-year survival after receiving treatment for their cancer. Disparities in the use of treatment for curable cancers are associated with older age, black race, lower educational level, and diagnosis before 2007. Fig. 2 Kaplan-Meier curves of 5-year overall survival rates for older regional gastric cancer patients who received treatment versus those who received none. Three hundred eighty patients were excluded from survival analysis due to no reliable followup 
